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PREFACE 

This Interim report was produted as a result of the Phase I1IC 
activities of Contract F4i609-71-C-üOC8, entitled "Research on Operational 
Combat-Ready Proficiency Measurement." This contract was performed by 
Manned Systems Sciences, Inc., Northridge, California, for the Flying 
Training Division, Air Force Human Resources Laboratory (AFSC), Williams 
AFB, Arizona.  Major J. Fitzgerald, Chief, Combat-Crew Training Branch, 
was the contract monitor. 

This report is one of a series of seven reports constituting the 
Final Report of Contract F41609-71-C-0008.  These reports are listed 
below: 

Combat-Ready Crew Performance Measurement System: 

AFHRL-TR-74-108(I):  Final Report 
« 

AFHRL-TR-7A-108(1I) :  Phase I.  Measurement Requirements 

AFHRL-TR-74-108OI1):  Phase II.  Measurement System Requirements 

AFHRL-TR-74-108(IV):  Phase I1IA.  Crew Performance Measurement 

AFHRL-TR-74-108(V):  Phase II IB.  Aerial Combat Maneuvers Measurement 

AFHRIJ-TR-74-108(VI):  Phase IIIC.  Design Studies 

AFHRL-TR-74-108(VII):  Phase HID.  Specifications and Implementation Plan 
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II.  SUPPORTING ANALYSES 

A number of analyses have been performed in this program to 
guide design decisions.  Eight primary analytic steps are 
presented in this chapter;  these steps are listed in Table 1, 
along with comments indicating the specific sources of 
information used in each analysis and the principal products. 

Example measurement (1)* was produced as a product of visits 
to combat-crew training units to attempt to express'the main 
items of information relevant to training.  Using this as a 
stimulus, preliminary measurement definitions were made along 
with assumed techniques for computation, leading to identification 
of a required set of parameters (2) for measurement generation. 
These analyses were begun in earlier program phases, and subse- 
quently were revised and extended. 

Continuing from the basic analyses, specific computational 
algorithms were chosen for both automatic (3) and manual (4) 
modes of measurement, forming an initial software specification. 
The next steps in the sequence attempt to determine best methods 
for sensing the needed information (5), and the nature of 
appropriate data processing equipment (6).  As video or photo- 
graphic means of sensing information must be considered, it 
follows that a minimum resolution for such devices must be 
specified to ensure that the desired data are sufficiently 
legible (7).  Lastly, data are collected relating to cost and 
personnel requirements (8) to permit tradeoff analyses between 
alternative measurement system candidates. 

Prototype Measurement 

The genesis of measurement deve 
the definition of training informati 
through visits to combat-crew traini 
representation of these information 
prototype measurement; an example i 
information needs have been prepared 
tabular form, with blanks indicating 
should be developed. In a number of 
fill the blank is obvious; in other 
given to the proper measurement and 
indicated measurement. 

lopment in this program is 
on requirements obtained 
ng units. The principal 
requirements has been termed 
s presented in Table 2.  The 
for each flight phase in a 
specific measurement which 
cases the measurement to 
cases much thought must be 
to the feasibility of 

Measurement Parameters 

When measures are defined to answer to informational needs, 
the parameters which must be sensed to permit measurement are not 
immediately evident, since the measure specifies the output of a 

♦Parenthetical numbers relate to the numbered analyses in Table 1. 
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TABLE 1 

DESIGN ANALYSES 

PURPOSE SOURCE RESULT 

1. Determine 
Measurement Needs 

2. Identify Physical 
Parameters for 
Measurement 

3. Develop Automated 
Measure Descrip- 
tions 

4  Develop Manual 
Measure Descrip- 
tions 

5. Determine where 
to Obtain 
Information 

6. Determine Data 
Processing Needs 

7. Determine if 
Visual Informa- 
tion is Suf- 
ficiently 
Accurate 

8. Determine Cost 
Tradeoff Data 

CCTS Visits 

Prototype Meas. 
and Preliminary 
Measure Algorithms 

#1 & #2;  Assume 
Instrumented 
Aircraft 

#1 & #2;  Assume 
Video Cameras 
Installed in 
Aircraft 

Analysis of Para- 
meter x Data Source 
x Training Phase 

#3 & #4 

Avail. Literature 
Field Studies 

Industrial Visits 

Prototype 
Measurement 

Measurement 
Parameters 

Measure Functions & 
Conditions (Implies 
Software) 

Measure Functions & 
Conditions (Implies 
Procedures) 

Alternative Feasible 
Sources of 
Information 

Alternative Data 
Processing Equipment 

Video/Photo 
Specifications 

Cost and Personnel 
Estimates 
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If manual data reduction were to proceed in the same fashion 
as automated iTieasurement, then Table 3 would also provide the 
appropriate measurement descriptions;  however, manual entry of a 
number of parameters at a high rate is very slow, prone to error, 
and exceedingly tedious.  Nevertheless, the human operator must 
perform essentially the same functions as the automated system, 
as shown in Figure 3, to produce the required measures.  The 
human operator may, however, perform measurement computations 
himself, and directly enter the measure into a data base for 
further processing.  Since measurement calculations such as the 
mean and standard deviation require high-rate sampling by the 
human operator in order to achieve the computation, these are 
discarded, and only functions such as a specific value, the 
minimum value, or the maximum value, are retained as allowable 
human operator functions. 

Manual measurement, then, requires that the human operator 
search for starting conditions (a specific time or value, or 
out-of-tolerance condition) and then enter a specific parameter 
value or search for the maximum or minimum value.  It is believed 
that the human operator can reasonably perform these tasks, while 
performing the equivalent of the automated measurement is unlikely 
to provide an attractive alternative.  It should be noted that 
the manual measurement processing philosophy to be used does not 
provide all the information obtainable with an automatic system; 
subsequent tradeoff analyses must take this into account. 

Manual measurement descriptions, within the restrictions 
noted, are presented in Table 4.  In the same manner that 
automated measurement descriptions are believed to be appropriate 
for the initiation of software development, the manual measurement 
descriptions should provide information needed to develop manual 
techniques and operator instructions. 

The number and type of manual operations required for each 
training phase have been noted, and assuming approximately 30- 
minutes of film or video recording, it is estimated that any 
flight in any of the training phases analyzed should produce data 
which can be manually analyzed within approximately lh  hours. 
This estimate is based on estimates of a number of manual 
operations which cannot be accurately timed without direct 
empirical test;  more accurate estimates will be possible only 
when manual data processing tests are conducted. 

Alternative Data Sources 

Tradeoff analyses are to be especially concerned with the 
information provided by a given system compared to the total 
information needs.  Additionally, design information is needed to 
point the way to a composite system (or systems) caoable of 
answering to all information requirements.  To meet'these needs, 
an analysis has been performed indicating the alternative sources 
from which measurement parameters can be obtained (see Tables 
5-13).  For each parameter indicated by the measurement 
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TABLE   5.      ALTERNATIVE   DATA  SOURCES  FOR  TRANSITION  PARAMETERS 

• 

DATA SOURCE 

• 

<U    3   0) 
4J U • 0*   u 
>W 0 U    TJ O 

• ■P    (0 M •P   «CH    M 
H ox:  t-iOia; Mioa. Q)(U 
■P <-i •H  0>   Ü      4J      tn M 
(0 N (0 A '0-ricn^'"'cn  ^co 

PARAMETERS G 1 S 1 S'Ho-Hft'-ic:  ynjo 
H X Q > 

GMT X X 
Pitch X X M 
Pitch Rate X - 

Roll X X M 
Heading X X M 
Airspeed X X M 
MACH X X M 
Altitude X X M    M 
V/V X X M. 

AOA X X . 

G X Q? 
Power X X M 
Thrust Rev X Q? 
Speed Brakes X Q? 
Position, xy X RA 
C Deviation, (Also Rnwy Lat.) 
Eat. Drift 

X RA 
X - 

Threshold X RA M 
DDR X RA 
Spacing X RA 
Main Gear Cntct X — 

Nose Gear Cntct X - 

Nose Steer Engaged X - 

Gear Select X Q? 
Flap Select X Q? M 
Stab Trim X - 

Drag Chute X - 

Initial, Rnwy 
  _       Break, Wind 

UHF Comm    Downwind, Alti_ X 

meter 
GWT X 
Wind D/V X 
Temp X 
Field Elev M 
Alt Setting X 
Form. Posn X 
Rnwy Assign X 
Wheel Brakes X ~ 

Parameters 22 6 4   3    8    4 

X = Available; Q = Questionable; RA = Reduced Accuracy; 
M = Data from Other Sources for Error Comparison. 
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TABLE   6.      ALTERNATIVE  DATA   SOURCES   FOR   INSTRUMENT  PARAMETERS 

;; 

• 
DATA SOURCE 

• 
• 

01 
•o J3  -O i d  a) 

4J Ü • Oi  o 
«4-t 0 Ü T3 0 

• 4-»    (0 H -P • CM    01 
U 0 x;  u cu v U  <0 CU     (DO) 

■P rH •H tp  o ■p    cr> M 
PARAMETERS 01  >H 

C  1 
(0 Pn 
2 J 

T3 
3 rH O  -H ftlH 

oi  ^ C 0 
C  U fO Ü 

H  X Q > < fc ^  <! O 1 H   ,_J  ßj W 

GMT X X M 
Pitch X X 
Roll X X 
Heading X X M 
Airspeed (or MACH) X X 
Altitude X X M 
V/V X X 
kOA X X 
Power (Thrust) X X 
TACAN Freq. X Q M M 

Course Set X X M M 
Course Error X X 
Bearing X X 
DME X RA M M 

VOR   Freq. X Q M M 
Course Set X X M M 
Course Error X X 
Bearing X X 

ILS  Freq. X Q M 
Localizer Error x • X 
Glide Slope Error X X 
Marker BCN X X M 

Speed Brakes X 0 
Heading Vectors X 

GCA Glide Path X 
ADF Bearing X X M M 
UHF Comm 

• 

X 
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TABLE   7.      ALTERNATIVE  DATA  SOURCES   FOR   INTERCEPT  PARAMETERS 

DATA SOURCE 

• 
-0 

• 
to 

Xi      TJ 
0) 3   0) 

■P CJ • 04              O 
•« 0 u T3 0 • ■P    (d M -M • i U CO 

PARAMETERS FUNCTION h rH 
0 

•ri 
£  u & a 
Cn   ü 

U ni to 0) Q) 
Di U 

CO >H  (0 cu TJ ■H Oi M • - in A G 0 c 1  3 1 3 ■HO -H a-n 5 % (0 u 
l-i ><: Q > ft fe ^ <: o i OS Ui 

TARGET 

Heading 
V* 5T M 

Altitude 
vT JT M 

MACH XT XT M 
Azimuth X 
Elevation Prior X 
Range to X 
Range Rate Lockon X 
Aspect Angle V x v D 
NCA XT XT 
ECM RA M 
Maneuvering RA D M 

INTERCEPTOR 

Pitch X X C 
Roll X X C 
Heading X X C 
Altitude X X c 
V/V X X C 
MACH X X C 
AOA X X 
G X X 
Power X X C 
Fuel Quantity X X X 
Antenna Azimuth X X D RA 

Elevation X X D RA 
After ,(Tgt) 
Lock  l (Tgt) 

Range X X D RA 
Range Rate X X D RA 
Range Gate X X 

Steering Dot Error X X RA 
Firing Circle Radius X X 
min.,  max. X X 
Lockon Pulse X X 
IF Gain X RA 
Video Gain X RA 
Erase Intensity X RA 
GMT X X X 
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TABLE 11.  ALTERNATIVE DATA SOURCES FOR GROUND ATTACK PARAMETERS 

- 
DATA SOURCE 

• 

i 
4J U . C^   0 
>W 0 U   'O 0 

• +J     t0 >H +)   • ß M     03 
M O.C    i-lCliCUS-ifOfliCDQ; 

■P .H •H en   ü    -M     tn M 
W   >H (0 (U "O-Hcn^«»«  i-l co 

PARAMETERS C  1 3 1 3 r-i o -H a*"- c u to a 
H  X Q> <     U* A     <0   \      H   JAW 

GWT X   X 
Temp X 
Press (Alt. Setting) X 
Wind (Direct/Velocity) X 
Formation Posn X 
Pitch X X M   M 
Roll X X 
Heading X X M 
Airspeed X X M    M 
Altitude X X M    M 
V/V X X 
AOA X X M 
G X X M   M 
Slip Q X 
Power X X M 
GMT X X 
Target Slant Range X RA 

Aim Point Er X 
(HUD) Bomb Fall Line (X) 

Flight Path Er X RA 
Impact Pt X                  X 
Number of Hits X                  X 
Foul X                  X 
Dry Pass X 
Spacing X RA RA 
Pickle X RA 
Weapon Release X 
Crew Coordination X 
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TABLE 12.  ALTERNATIVE DATA SOURCES FOR DART FIRING PARAMETERS 

PARAMETERS 

GMT 
Airspeed 
Range 
Azimuth 
Elevation 
Pass Number 
Hits 
Crew Coordination 

DATA  SOURCE 
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X 
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X 
X 
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TABLE 13.  ALTERNATIVE DATA SOURCES FOR 
AIR COMBAT MANEUVERING PARAMETERS 

PARAMETERS 

GMT 
Pitch 
Roll 
Heading 
Airspeed 
MACH 
Altitude 
V/V 
AOA 
G's 
Rudder 
Stick Pitch 
Stick Roll 
Thrust 
Flaps 
Speed Brakes 
Target Range2 

Range Rate 
Aspect Angle 
Heading Crossing An, 
Elevation (A H) 

Armament Switch Posns. 
Fire Pulse 
Fuel Quantity 
Ordnance Load 
Event Timing £ Marking 
GWT 
Crew Coordintation 
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X 
X 
X 
X 
X 
X 
X 
X 
X 
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X 

DATA  SOURCE 
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Q 
Q 
RAJ 

RA 
RA 

RA 

X 

X 

target ranging possible only during terminal tracking or when 
target in camera range. 

2Accurate position, X, Y & Z of each aircraft, together with 
instrumentation of each aircraft can provide these data. 
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descriptions (Tables 3 and 4), data sources have been identified 
in the following categories:  (Instr) Obtainable with automatic 
instrumentation recording, (X-Y) spatial coordinates obtainable 
from such devices as ground radar stations, theodolite, and 
ground observers, (Dual V-P) obtainable with either two photo- 
graphic cameras or a video camera recording system, (Audio) 
obtainable with audio magnetic tape recording, and other data 
available from verbal reports, flight forms and operational 
documents. 

The analyses of alternative data sources was performed 
separately for each major training phase.  Since performance 
information needs apparently vary as a function of training 
phase, different systems may be appropriate for different 
training phases.  The analysis is performed in this way to 
attempt to define system modules that can collectively meet all 
information needs. 

Note that while alternative sources may permit data for a 
given parameter, not always the same accuracy is possible.  In 
Tables 5-13 X indicates that high accuracy is available, RA 
indicates that reduced accuracy is possible, but sufficient for 
the purposes envisioned, and Q indicates that data are available, 
but  it is questionable whether the accuracy is sufficient except 
for unusual situations. 

Data Processing Facilities 

It is, of course, desirable to have all data processing 
tools ready at hand for use whenever needed, although it is 
possible to operate under some circumstances with some or all 
computing facilities remotely located.  In addition to general- 
purpose computing equipment, if data are to be processed from 
complex airborne instrumentation, special conversion equipment 
is needed. 

Dedicated data processor.  The heart of the measurement 
data processing facility is a general purpose digital computer. 
Based on experience with extensive inflight and simulator 
experiments, the computer should have approximately 16,000 to 
32,000 words of memory, a word size of at least 16 bits, and a 
basic operation time of approximately 1 microsecond to 3 micro- 
seconds.  However, as may be seen from Figure 4, the utility of 
the system for measurement and data analysis depends on the 
peripheral equipment. 

(1) A card reader permits convenient entry of data collected 
from external sources such as subjective data, paper-and-pencil 
measurement forms, and data from other experiments.  Computer 
programs are also conveniently manipulated in punched-card form. 
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(2) Magnetic tape units also provide a means for entry of 
externally-collected data (possibly from airborne instrumentation 
recordings), and are also useful for entry of occasionally- 
referenced stored data, or the intermediate output of long 
calculations, 

(3) Although it is possible to operate without disc storage 
units for many small experimental efforts, use of disc storage 
can speed operations, increase capacity, and provide for efficient 
data storage and retrieval. 

(4) The line printer permits high-volume output in a timely 
fashion, necessary for data listings and multiple statistical 
analyses. 

(5) A Teletype (or typewriter) permits operator interface 
for program control, system monitoring, and manual data entry. 
If information must be rapidly presented for training feedback, 
manual data entry, software or data editing, then the use of an 
electronic display (cathode ray tube) is recommended. 

(6) A paper-tape reader and punch provides a low-cost input/ 
output capability, and compatibility with other computers;  this 
is a standard feature with many computers and Teletypes. 

(7) Data viewing equipment, such as video monitors and 
photographic viewers, is needed for manual data reduction. 

Airborne magnetic tape conversion equipment.  If both the 
data format and physical size of airborne magnetic recordings are 
the same as the magnetic tapes normally produced by the general 
purpose digital computer, then only the normal computer magnetic 
tape units are needed to process such data. 

However, the physical size may be different, requiring that 
the tape be rewound onto another tape reel;  if a tape cassette 
is used (such that the tape cannot be physically removed) then 
the tape must be electronically copied (requiring a playback 
unit) . 

In an attempt to maintain data accuracy in spite of noisy 
transmission channels and recorder irregularities, current 
technology dictates a recording format which is different than 
that used in a general purpose digital computer.  The magnetic 
tapes produced by current airborne instrumentation systems will 
normally require special equipment (probably costing in excess of 
$100,000) to enter the data into a digital computer. 

It is clear that a savings can be made if tapes are produced 
in a form requiring little or no Special conversion equipment. 
Current airborne instrumentation formats are based on flight test 
requirements for telemetry of data to ground stations while the 
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aircraft is in flight.  It is possible, if there is no require- 
ment for telemetry and if performance measurement data accuracy 
requirements are not as severe as those of flight test, that 
direct recording in computer compatible format will permit 
sufficient data accuracy. -However, if high data accuracy 
techniques are necessary, or if compatibility with current 
airborne instrumentation recording is desired ■ (to permit data 
collection with currently instrumented aircraft), the special 
conversion equipment is required.  It should be noted that 
conversion equipment may be required for several types of 
recording, and that equipment capable of converting several types 
of data tapes may be desirable (such as pulse code modulation 
(PCM), pulse duration modulation (PDM), or frequency modulation 
(FM) as indicated in Figure 4. 

Time-share computer.  Current time-share computer facilities 
combine large-computer power and impressive software packages for 
a very small investment and small use charges.  For example, a 
teletype terminal can be leased for approximately $75.00 per 
month and computer charges will average about' $15.00 per hour 
(depending on the amount of storage and computer time actually 
used).  The Teletype is limited in input/output speed, limiting 
input to manual entry and output to samples of file data or 
statistical analyses.  Even with faster terminals now on the 
market, such an installation is best for programming, debugging, 
spot checks of data, and trial analyses. 

A further complication is that connection with the time- 
share computer complex is through standard telephone lines. 
Adequate connections may not be possible through some USAF 
switchboards, requiring, perhaps, a special telephone installa- 
tion.  Tollfree calls to the computer complex are possible from 
most places in the country;  however, if a toll charge should be 
necessary, the hourly cost will increase greatly. 

Within the above restrictions, the time-share computer may 
provide an excellent inexpensive approach for manual data 
processing.  As shown in Figure 5, a data viewer (video or film) 
and a Teletype provide a workstation for a data clerk to sample 
the desired information;  the computer can be programmed to 
assist and check the data clerk.  Through this process, edited 
data files can be accumulated at the time-share computer complex. 
The research scientist can program for measurement computations 
and analyses, using data collected as a basis for trial analyses. 
All the previous operations can be performed using the Teletype; 
however, more extensive analyses will probably be more efficiently 
conducted remotely at the time-share computer complex.  Since 
both programs and data exist in files at the time-share computer 
complex, personnel at the large computer can perform large-scale 
calculations for the research team.  Since the output will be 
extensive, high-speed printers at the computer complex will more 
efficiently do the job, to be transported to the research crew by 
courier or mail.  Where such an operation is feasible, the end 
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product, will be nearly equivalent to that obtainable with a 
dedicated computer. 

Remote computer.  If access can be obtained to a properly 
equipped nearby computer as often as needed, then, of course, the 
result is equivalent to that of a dedicated computer.  However, 
if extensive travel is required to reach a remote computer, and 
if access is limited, then the result may be lost data, slow 
response, and partial inadequate analysis. 

Figure 6 depicts the use of a remote computer with manual 
data processing;  conceivably, the operation can be conducted with 
automatic data collection, however, then no knowledge of data 
errors will be available until a computer listing is available, 
perhaps days later when little can be done to recover from the 
damage done to the experimental schedule. 

In the extreme, the use of a remote computer introduces a 
two-step sequential process:  (1) collect data, (2) analyze data. 
A completely open-loop approach to research does not permit any 
recovery from data errors or experimental design errors;  it 
doesn't permit interactive iterative measurement and analysis 
development.  This is not likely to be a successful approach 
unless only simple limited problems are encountered. 

A closed-loop approach to research, which permits changes 
and improvements in technique as data are collected, requires 
guaranteed access to a computer, knowledge or much help in the 
use of the computer, unscheduled extensive use at critical 
periods, and fast turnaround equivalent to continuous man-computer 
interaction.  Except in extraordinary circumstances, the con- 
clusion is that such an operation is possible only with a 
dedicated computer facility. 

Video Recording System Legibility 

An electronic display (or a combination electro-optical 
display) system encodes information detected by the system 
sensors, transmits and processes these signals electrically and 
recreates this information in a symbolic br pictorial format on 
a display.  In order for the symbols so presented to convey 
information to the observer, the symbols must be recognizable 
and identifiable by the observer.  A relatively large number of 
system and environmental factors impact upon the legibility of 
the displayed symbology;  too many, in fact, to be addressed 
here.  The three more important factors as far as the observer 
is concerned, however, are the display resolution, the visual 
angle of the symbol displayed, and the degree of contrast between 
the symbol and the display background. 

The literature.  A recent review of the electronic display 
literature (Semple, et al., 1971) suggests that the resolution 
requirements for identification tasks on electronic displays 
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Second, flight test instrumentation operations include all 
of the following phases: 

Instrumentation system design. 
Instrumentation calibration. 
Test, diagnostics, maintenance. 
Spare parts inventory. 
Equipment calibration. 
Quick-look capability. 
Repair shop. 
Ground test equipment. 
Analog/digital conversion and play-back equipment. 
Configuration and efficiency bookkeeping. 

The overall costs include contributions from each of the above 
phases, and, any estimates of an airborne instrumentation system 
will be based on cost experience reflecting such an operation. 
The specific cost items corresponding to Figure 9 are: 

(1) Aircraft fabrication, including wiring and installation 
of sensors. 

(2) Instrumentation and recording system. 
(3) Conversion equipment. 
(4) Test stand and test equipment. 
(5) Spares. 
(6) Documentation. ^ 
(7) Design, integration,,and operating personnel. 
(8) Return of aircraft to original condition. 

The operation is not perceived to be as extensive or detailed as. 
that required for flight test;  however, cost estimates for the 
preceding eight items will reflect flight test experience. 

Last, instrumentation for flight test is entirely first- 
class;  there is little room for any second-rate equipment or 
procedures which may permit the loss of extremely valuable 
flight test data (e.g., may reflect on causes for the loss of a 
prototype aircraft). Much of the flight instrumentation 
electronics may be specially designed by the instrumentation 
engineers, manufactured in small assembly lines, and stocked in 
extensive inventories—all at the facilities of the airframe 
manufacturer.  Accuracies of less than 1% are achieved through 
the use of precision sensors, special calibration at specialized 
laboratories of expensive facilities, and complex corrections 
during data processing. All in all, flight test operations are 
exceedingly expensive and probably more expensive than the 
requirements for combat-crew training dictate;  therefore, 
compensations must be made when using flight test experience for 
predicting training measurement system costs. 

Five cases.  As might be expected, data obtained from 
various sources differed since the assumptions made, approaches, 
specific experience and hardware used generally differed from 
manufacturer to manufacturer.  The range of data collected is 
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typified by five cases which are summarized in Table 17;  each of 
these is more fully discussed in the following paragraphs. 

Cases 1,   11,   and III.  The estimates obtained in Cases i,   II, 
and III are based on a definition of the problem closely cor- 
responding to the model presented in Figure 9.  These estimates 
indicate that the cost of instrumenting one aircraft (wire 90 
channels and record 20-30 at any given time) with associated 
equipment for operation and repair may range between $716,000 and 
$1,200,000.  It should be understood that the grossest rules-of- 
thumb for estimating overhead and general-and-administrative 
rates have been made.  Approximately one year lead time is needed 
prior to detailed checkout of the system;  the aircraft will be 
needed for installation for the majority of this time.  The flight 
test of a training measurement instrumentation system could 
become lengthy and expensive if acceptance testing were conducted 
for each phase of training (transition, instruments, formation, 
air combat, ground attack, air refueling, air-air intercept, etc). 
Various amounts of operating labor were predicted, depending on 
(1) assumption that system accuracy and complexity would be like 
that used in flight test, (2) the reliability of the equipment 
(which is ordinarily unknown for long-term repetitive use), and 
(3) the assumed intensity of the flight schedule.  Highly complex 
flight test instrumentation requires a large crew to calibrate, 
test, and maintain;  very large crews are required to sustain a 
flight schedule of as much as two flights a day.  Hopefully, 
measurement equipment for training research can be simpler and 
more reliable;  however, if not, it may not be possible to keep 
pace with normal experimental schedules with such equipment. 

Case IV.  The fourth case is based on the use of a miniature 
commercial airborne computer which can accept most of the signal 
forms normally available from airborne sensors and format the 
digitized signals on a cassette-type incremental tape recorder 
with a standard IBM head.  In addition to recording, such a 
computer could also compute measures for direct read-out.  A 
further assumption associated with Case IV is that aircraft 
modification and wiring would be performed by USAF personnel or 
another contractor.  The suggested devices are reported to be 
highly reliable with a mean-time-between-failures of approximately 
1500 hours;  on this basis, only occasional maintenance is 
assumed to be necessary. An approximate cost estimate for 
sufficient equipment and services for four aircraft is $750,000; 
additional costs of wiring four aircraft for 90 channels of data 
(at approximately $2,000 per channel) is about $720,000, bringing 
the total to about $1,470,000.  This estimate is significantly 
lower than the cost estimates found in Cases I-III, but it is 
based on equipment much different than that normally used in 
flight test.  It should be noted that some integration and 
checkout costs may also not be included in this cost estimate. 

Case V.  The last case is interesting because it goes beyond 
the model shown in Figure 9 to include digital computer facilities 
and a multiple-target tracking radar.  A facility of this type is 
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MMMMIMH^B 

for  such a facility! exlludin^    h! phafes-     The «Mt estimated 
approximateiy «"Ji.Sw to  »!..« OolLf/^^ airc"ft,   is 
however,   the  Inltl«! «i.»   «.  __    i  ?       or  four aircraft; 

largely due  to  the  number  o? people  reouir^J"9 COStS are 

operation   (about  16  people)7  P    ple  required  for maintenance  and 

through an  airborne  instru^n^ft       9 Performance measurement 
data obtained  ^JSSS^^S r^ard  ^ ^ite™^'     The 
system or  in bracketing  the  costs. 9 a sPecific  ^Pe of 

enough'a^cra?^ peSt'^ilectLa0^1.00^ f0r  -^rumenting 
10  students  through  trainino   }j«ig performance data  on about 
alternative  is  avIilaSe     "?  fli^tu™9'     If ^   less  expensive 
eliminate  the  neld  for measurf^i^H^^K0116  Should  reduce or 
digital recording system * thr0u9h *« instrumented 

reliabflJty^ofth^s^^rs'hoiJS t*  ^^  t0 be ™ary,   the 
reliability  is  a  ke^facto?  ?n   n^  Tmined  closely-     System 
engineer and technician nSr^n   1^   "duc;Lng  the need  for 
facilities  anSspares     and  ^2?^    al0n9 With extensive  repair 
can keep pace wi?h Iniens^vi  fiTahr1"? ^ data collec?ion 
is  perhaps  the more impS?tintf^he ft^st*^ ^  ^^ faCt0r 
associated with mvm+mZTlZTTl nrst reduces  costs 
needed  iniorma'ti^rtrbrcoll^Je^''     ^  ^^ faCt0r P*^*. 
does  not work frequently enouah  to,onn0

a.meaS
J
Urement  s*stem 

then   there  is  lit?le reLon0f?r  U. ^4^^ mfor.atlon. 

time  ara^rc'ralf ^srL^itldra^rfrom01106^ iS  the amOUnt of 

of modification for an instrumfn^^    " service  f°*  the purpose 
indicate that an aircraft mav be r^n? 'J'l**' ■   Various estimates 

us^ic-^ce ?;8rS 11 ? ------^rr" 
costs of withdrawi-^t ^^J?^^^^^   ** 

high re^urr^g ^t/^^S^ S CaSe J indicates «« 
the value of ?he research toward wM.h e Justlfied in terms of 
tributes.  The value of research T^ n^SUCh au 0Peration con- 
unless the specifics are known  i ^ Possible to estimate 
such a facility anlcJew mu?? A 0n ^ 0ther hand' ^ is clear 
productive fashion-  f hi^h ^ be1

regularly occupied in a 
implied.   rashlon'  a high-level continuous operation is 
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Personnel Requirements 

<i 

The personnel required to oolleot and analyze ^ta follows 
directly ?rom the operations   *^ .^f Ptf^^quired IS? eaoS 
4.*..   4-« HP  r-nllected:     One   individual will  oe  re4ux1.cu1.wjL 

SSSotÄ^^^ 
r^irdi^rtr-UoLf^^rt^^ro^reJe analyses to .eet 

day.  If manual measurement is to be «^"lyjetitiea oy 

Lather individual then ^^l^llTllT^^^  « 
Ui'ut 5rtarcol!ScationY-(suchSeasretraanLription of audio recordinqs, 

and to prepare technical reports. 

The enaineer and technician labor required to install, 
calibrate ?ep!ace and repair measurement equipment is much more 
SffÄ tolpecify sinc^ this depends in large measure on the 
reliability of the equipment.  Estimates Oöil«ej«a SOT v«* 
concerns performing flight tests have varied widely;  ^imates 
collected from commercial avionics concer,?fu

indica^J^at a 
significant improvement in reliability, -th reduction of 
engineer/technician labor, is possible.  Sinc® ^int than 
complexity should be less for performance ^asurement than 
Category II flight ^st (accuracies less, fewe^s^epiali^ 5 ^ ^ 

^ru^ed'tSr^lfabrutf sLuirLTrSt^ 

?or other types of labor, are presented in Table 18. 

Based on these estimates a manloading is developed ^ Table 
19 for manual and automatic measurement processing, for one and 

result in four flights per day. 

Note that an automated system apparently results in increased 
manpower? rather than a reduction, and that the primary benefit 
Srautomitionis more accurate data in greater quantities. 
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TABLE   18. 
PERSONNELL  ASSUMPTIONS 

TYPE 

Research  Scientest 

Programmer 

Data Clerk 

LEVEL REQUIRED 

One lead, one per daily flight. 

One system programmer first 
year, one thereafter if four 
or more flights per day. 

Manual 

Auto: 

Engineer/Techni 

One for two flights 
per day, double for 
data verification. 

One for two flights 
per day for computer 
operations. 

cian 
Manual:  One tech. for two acrft, 

Auto; One eng. for 2 acrft, 
two tech. per acrft. 

Secretary 

One technician for ground equip 
if four or more acrft.    ^^P" 

r^f?r Cl&rical  assistance and 
report preparation. 

TABLE 19.  MANLOADING* WITH DIFFERENT 
SYSTEMS AND DEGREES OF USAGE 

TYPE 
LABOR MANUAL 

1 flight 
per day 4 flights 

per day 

DIGITAL RECORDING 

1 

1 

1 

5 

1 

4 

2 

1 

1 flight 
per day 

13 

1 

3 

1 

^ flights 
per day 

5 

1 

2 

11 

1 

20 
♦Not including  field  serving  * " 

ana also not induain, tecÄnTL^ ^u^^^^!^.' 

-^ 
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If  a ground  station  radar  is  to be  maintained  for  flight  track- 
ing,   two radar  technicians  should  be added  to these estimates. 
Field  service contracts  for  service  of  the  computer  and  other 
larger pieces  of equipment will  also be  needed. 
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III,  DESIGN TRADEOFFS 

i   i   ^lgn  analyses result in tradeoff comparisons at two 
levels:  (1) comparison of competing data sources, i.e., audio, 
x-Y, video/photo, and instrumentation (digital recording), and 
(2) comparison of systems built around only video/photo sensors 
and only digital recording.  Tradeoff comparisons at the first 
level reveal the rule of alternative data sources, while second- 
level comparisons establish cost-effective system combinations. 

Alternative Data Sources 

£Hli°-  Recording of voice communications was found to be 
of value in all phases of combat-crew training.  Since audio re- 
cording is relatively inexpensive and simple to implement, there 
is no apparent reason to exclude auditory data from a measurement 
system. 

Audio recordings require manual data processing methods and 
often must be synchronized with other recorded information to be 
ot value.  Auditory information is particularly valuable for 
measurement related to crew coordination, but voice-operated 
relays must be used to uniquely identify which crewmember is 
talJcing, even if two attempt to talk simultaneously. 

^Y-  The cases where X-Y data are required for measurement 
have been considered carefully since these portend the use of 
expensive equipment (such as a multiple-target tracking radar) 
and the collection of difficult-to-process recordings.  It was 
therefore interesting to find cases where equivalent results 
could be obtained with video/photo sensors (not in the form of 
a tabulation of X- and Y-values, but position information such as 
the relationship between tanker and refueling aircraft from the 
tanker lights). 

All cases of X-Y data requirements uncovered in the current 
analyses are listed in Table 20, showing that most requirements 
can be met with video/photo recording.  If video/photo recording, 
with manual processing, is adopted then many of the problems 
associated with X-Y data are resolved.  Table 20 also reveals 
that a number of parameters are not obtainable with video/photo 
sensors; these are:  (1) lateral drift across the runway during 
transition, (2) relative position of aircraft during intercept 
^f0? 5° J-?0*011' (3) enroute cross-track error during airdrop, 
(4) inflight ranging (out of sight) during formation, and (5) space 
paths of multiple aircraft during air combat maneuvers. 

It has been previously pointed out that a multiple-target 
tracking radar is quite expensive (current radar approximately 
$1-3 million; future laser versions estimated at $300,000) and 
require two radar technicians to operate and maintain it.  Unless 
sustained critical research is planned, it may be preferable to 
operate within existing instrumented ranges (e.g., Edwards AFB 

m 
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TABLE 20.  REQUIREMENTS FOR X-Y DATA 

PHASE 

1 TRANSITION 
2 
3 
4 
5 
6 
7 INTERCEPT 
8 (PRIOR TO LOCKON) 
9 

10 
11 
12 AIR REFUELING 
13 
14 
15 
16 
17 
18 
19 
20 AIR DROP 
21 
22 
23 
24 
25 
26 FORMATION 
27 
28 
29 GROUND ATTACK 
30 
31 
32 
33 
34 DART FIRING 
35 
36 
37 AIR COMBAT 
38 
39 
40 
41 
42 

PARAMETER OBTAINABLE WITH 
VIDEO/PHOTO ? 

GROUND TRACK 
CENTERLINE DEV 
LAT. DRIFT 
THRESHOLD 
DIST. DOWN RNWY 
SPACING 
TGT. AZIMUTH 
TGT. ELEVATION 
TGT. RANGE 
TGT. RANGE RATE 
TGT. ASPECT ANGLE 
TANKER RANGE 
TANKER RANGE RATE 
CENTERLINE DISPL. 
LIGHTS UP 

DOWN 
FORE 
AFT 

ALTITUDE ERROR 
CROSS TRACK ERROR 
POSITION ERROR 
RANGE FROM LEAD 
BEARING FROM LEAD 
AALTITUDE FROM LEAD 
ACTUAL AIR RELEASE PT, 
RANGE 
RANGE RATE 
BEARING 
TGT. SLANT RANGE 
AIM POINT ERROR 
BOMB FALL LINE 
FLIGHT PATH 
SPACING 
RANGE 
AZIMUTH 
ELEVATION 
TGT. RANGE 
TGT. RANGE RATE 
TGT. ASPECT ANGLE 
TGT. HDG CROSS ANGLE 
ELEVATION 
SPACE PATH 

*RA = Reduced Accuracy. 
♦♦Obtainable with Video/Photo System, 
but not easily otherwise. 
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RA + 
RA 
No 
RA 
RA 
RA 
No 
No 
No 
No 
No 
RA 
RA 
Yes 
Yes + + 
Yes + * 
Yes + + 
Yes + + 
RA 
NO 
Yes 
RA 
RA 
RA 
Yes 
RA 
RA 
RA 
RA 
Yes 
Yes 
RA 
RA 
RA 
RA 
Yes 
RA 
RA 
RA 
No 
RA 
No 
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Lglin AFB) when spatial tracking data are needed.  Of course the 
schedules at existing ranges are often filled, and it may be 
difficult to arrange for segments of training to occur at such 
ranges. 

.    yi^eo/photo•  It is clear that many kinds of information can 
be obtained with video/photo recording which would otherwise be 
difficult to acquire, while at the same time allowing acquisition 
of information from the cockpit panel to be sampled at will (if 
an instrument is in view the information may be sampled later if 
desired).  Out-the-window information is quite important to combat- 
crew training measurement in all phases, except, of course, durinq 
instrument flying.  Through video/photo recording, information can 
be gleaned from the view of the runway, the radar scope picture, 
other aircraft through the windscreen, the path over the drop zone. 
*.!:  otl0nSl

hip of ground targets to the pipper, and the position 
of the dart throughout firing.   These are, indeed, important in- 
formation. 

Digital recording.  The primary virtues of automatic digital 
recording are:(1) high speed and accuracy, (2) ability to sense 
information which cannot be directly seen with a camera in the 
cockpit, and (3) automated computer processing with data in 
electronic format compatible with computing equipment.  Recording 
of information such as pilot control stick movements is difficult 
to acquire without direct recording of control stick sensors, 
since it will be impossible to gain a proper camera view in a 
fighter-type aircraft.  Any data required for complex calculations 
(as simple as a mean or standard deviation) will necessarily be 
at a relatively high sampling rate (i.e., often enough to render 
manual processing impractical) requiring digital recording to 
permit automatic high-speed processing.  While video/photo sensing 
has an advantage for acquisition of out-the-window information, 
instrumentation can record unseen items critical to measurement 
computations (i.e., start-stop parameters such as weight-off- 
wheels), and permit complex sophisticated measurement unlikely to 
be exceeded by future research demands. 

Comparison of Video/Photo and Digital Recording Techniques 

The remaining tradeoff comparisons are between the two 
primary methods of data acquisiton: measurement systems based on 
video-photo techniques as contrasted with systems based on diqital 
recording techniques.  For these purposes, to achieve a degree of 
simplification, two candidate systems will be considered based 
entirely on one approach or the other.  The comparisons will be 
conducted according to guidelines of previously established 
system criteria. 

Provide needed information.  Neither video/photo nor digital 
recording techniques can generate all measurement desired. Video/ 
pnoto techniques provide convenience in collecting out-of-the- 
window Information, -^hile digital recording techniques can 
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accurately determine specially sensed information and 
sophisticated computation. It can be argued that for 
applications the out-of-the-window information is mos 
to combat-crew training, and could be least dispensed 
however, the relative value of the information presen 
two system types depends clearly on specific research 
cannot be resolved for even a given training phase wi 
tailing precise information objectives. Neither video 
digital recording techniques are universally superior 
of performance information. 

permit 
many 
t relevant 
with; 
ted by these 
goals,   and 

thout de- 
/photo nor 
as  sources 

Useful format.  One approach presents a pictorial pre- 
sentation of events, while the other allows a numerical or 
graphical form.  The superiority of formats depends on the use of 
the information.  The video/photo format presents information in 
much the same way as the information is presented in flight; 
this should permit ease of interpretation by the instructor pilot 
and student, forming a framework to improve communication between 
instructor and student, or between either of these and the re- 
search scientists.  In previous analyses (e.g., air combat) it 
has been shown that the instructor may be required to participate 
in the measurement process, and in all cases it will be necessary 
to maintain a high level of communication to enhance the develop- 
ment of new measurement.  On the other hand, a quantitative 
presentation of information, in a much different form than that 
presented in the cockpit, promises hope for greater objectivity 
and the solution of problems which appear vague when discussed in 
terms of ordinary flight parameters.  Thus the specific format 
desired apparently also depends on specific usage. 

Both pictorial and numerical/graphical formats are likely to 
be desired.  It should be noted that quantitative information can 
often be derived from the pictorial format, and that much of the 
cockpit displays may be recreated from digital recording.  If a 
manual process is desirable on other grounds then it is probably 
more convenient to extract desired quantitative data from video/ 
photo display; an automated process would create an environment 
for re-creating cockpit displays, but additional costly equipment 
is involved. 

Research cycle time.  Five research periods which are of 
concern in estimating the time needed to conduct research are 
illustrated in Figure 10.  Estimates of time periods for both 
digital recording and video/photo recording appear in the table 
incorporated in the figure.  The digital recording instrumentation 
time periods are based on information collected during a survey 
of flight test experience (reported in Chapter II, Supporting 
Analyses); these are therefore considered typical of complex high- 
accuracy data collection.  The video/photo time periods are based 
on U. S. Air Force video recorder tests and estimated resulting 
from analysis in the current study. Neither set of estimates is 
considered optimistic as probably shorter time periods could be 
realized as a result of sustained use; in any case, it should be 
understood that these estimates include gross approximations. 
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